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Objectives: Pacemaker implantation is a standard recommendation for patients with
persistent complete heart block following surgery for congenital heart disease. This
study was performed to determine the incidence and clinical significance of late
recovery of atrioventricular conduction following pacemaker implantation.
Methods: Between 1990 and 2001, 5662 open cardiac procedures for congenital
heart defects were performed at our institution. The postoperative course of all
patients with complete heart block in whom a permanent pacemaker was implanted
was followed on a monthly basis, by either clinical or transtelephonic follow-up.
Results: A total of 72 patients with persistent postoperative complete heart block
underwent pacemaker implantation. After insertion of the pacemaker, recovery of
atrioventricular conduction was recognized in 7 of 72 patients (9.6%) at a median
of 41 days (18-113 days) after the initial cardiac operation. These included 3 patients
with ventricular septal defect, 2 with ventricular inversion or single ventricle, and 1
each with left ventricular outflow tract obstruction and atrioventricular septal defect.
During a mean follow-up of 4.4  2.6 years, there was no late recurrence of heart
block. Three patients had residual right bundle branch block and 1 had first-degree
atrioventricular block.
Conclusions: Atrioventricular conduction may return in a small but significant
percentage of patients following pacemaker implantation for complete heart block
associated with congenital heart surgery. When recovery of atrioventricular con-
duction occurs within the first months after surgery it appears reliable, which
suggests that lifelong cardiac pacing may not be necessary in these individuals.
Complete heart block (CHB) is one of the major complications ofsurgery for congenital heart disease. Although the incidence hasdecreased from  10% in the 1960s1 to 1-3% in the current era,2,3postoperative CHB remains a significant cause of morbidity, in-creased cost, and decreased long-term survival.4 The highest inci-dence of CHB has been reported for surgical procedures involving
a ventricular septal defect (VSD) or atrioventricular septal defect (AVSD), left
ventricular outflow tract obstruction, or discordant atrioventricular (AV) connec-
tions.1,5-9
In a study of postoperative AV conduction block, Weindling reported that 95%
of patients who have recovery of AV conduction do so by postoperative day 9.2
They concluded there was minimal benefit in delaying implantation of a permanent
pacemaker beyond 9 days when CHB was persistent. More recently, it has been
suggested that patients who have persistent complete AV block for even 24 to 48
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hours following valve replacement should have pacemaker
implantation.10 Other studies have reported the late devel-
opment of CHB months to years after surgery for congenital
heart disease.9,11-13
Conversely, the incidence and clinical significance of
late recovery of AV conduction after surgical CHB when
pacemaker implantation has been performed is unknown.
Therefore, the purpose of this analysis was to determine the
incidence of late recovery of AV conduction, the interme-
diate term follow-up of these patients, and factors poten-
tially associated with recovery of AV conduction.
Methods
A review of our surgical and pacemaker databases was performed
to identify all patients who underwent permanent pacemaker for
postoperative CHB between 1990 and 2001. Patients with place-
ment of a permanent pacemaker for congenital CHB, sinus node
dysfunction, or preoperative CHB were excluded.
The timing of permanent pacemaker implantation was based on
clinical judgement and current American College of Cardiology/
American Heart Association (ACC/AHA) Guidelines.14 Transtele-
phonic pacemaker evaluation was performed on a monthly basis,
with an overall 93% compliance rate for all patients.15 Clinical
evaluation and pacemaker interrogation were performed at 1 week
and 1 month after discharge, and then at recurrent 6-month inter-
vals. The status of AV conduction was evaluated by ECG and
interrogation with pacemakers implanted after 1995 to determine
whether any ventricular pacing had occurred. The pacemakers
were then temporarily reprogrammed to a VVI back-up mode at a
low rate to allow for observation of any intermitted AV conduc-
tion. The integrity of AV conduction (when recovered) was also
tested in patients with dual-chamber pacemakers by atrial pacing at
rates of 100 to 140 beats/min.
Factors tested for correlation with late return of a conducted
rhythm included type of congenital heart defect, postoperative day
at which a pacemaker was implanted, and the time after implan-
tation when AV conduction was first noted. Late recovery of AV
conduction was defined as persistent recovery of AV conduction
occurring at more than 14 days after the onset of CHB.
Statistical Analysis
Discrete variables were compared using the Fisher exact test and
continuous variables were compared using the t test. Statistical
significance was assessed by a P value of  .05. Statistical
analysis was performed with the SAS System for Windows, Ver-
sion 8, 1999 (SAS Institute, Inc, Cary, NC).
Results
During the 11-year study period, 5662 operations were
performed on cardiopulmonary bypass at Children’s Hos-
pital of Los Angeles. Seventy-two patients (1.3%) with
persistent postoperative AV block underwent permanent
pacemaker implantation.
Among the 72 patients requiring permanent pacing, 35
had closure of a VSD, usually as a part of a more complex
procedure. Other surgical procedures associated with CHB
were complex intracardiac repair of functional single ven-
tricle or discordant AV connections (n  18), relief of left
ventricular outflow tract obstruction (n  11), and repair of
an AVSD (n  9). Most of the patients requiring a pace-
maker for postoperative CHB were less than 1 year old, with
a median age of 11 months (2 days to 11 years).
Persistent recovery of AV conduction was observed in 7
of the 72 patients (9.7%). When tested for the discrete
variables, there was no statistically significant difference
between the patients who had recovery of AV conduction
and those with persistent CHB. The type and number of
congenital heart defects are summarized in Table 1. The
postoperative day of pacemaker implantation was 7.4  1.4
versus 9.0  1.0 days and the mean age at which the
pacemaker was initially implanted was 1.2  0.4 versus 1.9
 0.3 years in patients with and without recovery of AV
conduction, respectively (Table 2).
The median time to observed recovery of AV conduction
was 41 days (range 18-113 days) after the initial operation.
During a mean follow-up of 4.4 2.6 years, there was no
recurrence of CHB once AV conduction had recovered.
Three patients had residual right bundle branch block and
one had first-degree AV block.
Discussion
CHB remains a significant complication of surgery for
congenital heart disease, with persistent AV block occurring
in 1% to 3% of cardiac operations in the current era. In
previous reports, one to two thirds of patients with CHB
TABLE 1. Congenital heart defects with AV block and
recovery of AV conduction
Congenital
heart defect
Total no.
with AVB
With AV
recovery (no.)
With AV
recovery (%)
VSD 35 3 8.5
AVSD 9 1 11
LVOTO 11 1 9
DAVC 18 2 11
VSD, Ventricular septal defect; AVSD, atrioventricular septal defect;
LVOTO, left ventricular outflow tract obstruction; DAVC, discordant atrio-
ventricular connections.
TABLE 2. Comparison of variables between patients with
and without recovery of AV conduction
Variable
Recovered
(n  7)
mean  SD
No recovery
(n  65)
mean  SD P value*
Age at surgery (years) 1.24 1.00 1.96 2.66 .909
Follow-up from implant (years) 4.37 2.60 5.20 3.46 .621
Post-op at implant (days) 7.43 3.60 9.08 8.20 .560
*For continuous variables, the comparisons were made by the Wilcoxon
two-sample test.
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immediately after operation had recovery of AV conduction
in the subsequent 2 weeks.2,10,15,16 Return of AV conduc-
tion in these patients appears reliable, and pacemaker im-
plantation is generally not recommended14,17 Conversely,
pacemaker implantation is a class I recommendation for
patients with persistent postoperative AV block.
In prior reports, recovery of AV conduction after surgi-
cally induced CHB almost always occurs by the ninth
postoperative day.2 For this reason, most patients with CHB
continuing for 7 to 10 days after surgery have implantation
of a permanent pacemaker. What has not been reported
previously is the incidence of late recovery of sinus rhythm
after pacemaker placement. This study shows a small but
meaningful percentage of patients (10%) have returned to
normal sinus rhythm after prolonged CHB. This delayed
return of AV conduction occurs within the first weeks to
months after the operation. Once AV conduction had re-
turned, intermittent or permanent loss of AV conduction
was not observed, suggesting that lifelong cardiac pacing
may not be necessary in these individuals.
Determination of the exact time of return of conduction
was not possible, as monitoring was performed on a
monthly basis. However, given the high rate of compliance
in our program, the major limitation is that the return of AV
conduction may have occurred within the 30-day interval
between the preceding evaluation and the clinical or tran-
stelephonic monitoring that identified return of conduction.
Recovery of AV conduction was identified in 4 of 7 patients
within the first 30-day postoperative interval.
Although the results are encouraging, continued fol-
low-up is mandated for patients with late recovery of AV
conduction due to the potential for paroxysmal AV block.
Thus, they should be followed up like other pacemaker-
dependent patients. This should include evaluation with
electrocardiograms and Holter monitoring. The pacemaker
may be programmed to the lowest rate that would provide
rate support in the event of a recurrence of CHB.
The current ACC/AHA Guidelines for Pacemaker Im-
plantation do not address the need for continuing pacemaker
therapy in patients with persistent surgical AV block in
whom AV conduction has returned. The limited number of
patients in this study requires that these findings be verified
by similar studies before a general recommendation can be
made. Conversely, it is important to recognize that AV
conduction did not recover in 90% of patients and that
recovery could not be predicted based on clinical variables
given the limited number of patients in this series. Consis-
tent with current AHA/ACC Guidelines, we advocate that a
pacemaker be implanted in patients with persistent postop-
erative heart block lasting for 7 to 10 days. Furthermore, we
advocate continued monitoring of patients who recover AV
conduction, although the pacemakers may be repro-
grammed to the VVI mode at a back-up rate less than the
expected lowest normal sinus rate.
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